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The authors previously examined local difference 
of lattice imperfectness in a KCI single crystal, 
rapidly grown from the melt by using X-ray Laue 
method. Individual spot is broadened and split 
frequently into some sub-spots; one with large 
size of stronger intensity and the other with 
small one. The broadening is classified into 
several groups in relation to the local structure, 
where the broadening was estimated by eyes. 
In this paper, the broadening of sub-spot £) 
is defined by the half width of intensity curve 
obtained by using the micro-photometer and the 
grouping is carried out again by introducing the 
following three parameters : the mean magnitude 
( £ ), range of £ ( K ),and ratio between £ of the 
two sub-spots. It is shown that present parameters 
describe and compare very well the local difference 
of lattice imperfectness or the sub-structures in 
the crystal. 
1. Introduction 
Different kinds of the imperfectness and sub-structure 
of a crystal have been studied. For example, point defects 
and dislocations l ) in microscopic point of view and caves, 
segregation2 ) and surface patterns in macroscopic one. 
The surface patterns has been studied,for example, (AI) 
p.F.George 3 ) discussed that the surface pattern on an 
oxide film of metal crystal are reprocible and are frequent-
ly observed along the grain boundary. (A2 ) T. Hibi and 
T. Tomiki4 )observed the step lines (slightly steplike 
striations) on cleaved surface of a NaCl crystal and 
reported that crystal growth mainly happens along this lines. 
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The present authors previously investigated macro-
scopically a Kel single crystal obtained by rapid 
cooling from the melt and the following results have 
been reported: for example, 
(Bl ) The macroscopic distribution of optical absorp-
tion in the crystal are closely related to the cooling 
operation and high growth rate directionS). 
(B2 ) The properties of the step lines are studied in 
detai1 6 ) That is, (i) some line families are observed, 
for example,the three representative ones of thermal, 
crystalline or stress types. In the first family the 
lines frequently fit to the subgrain boundaries and 
its orientation corresponds to the growth direction 
( cf. (A». (ii) Various imperfect lattice arrangement 
(denoted simple as imperfection) can be observed around 
the step lines (cf. 4.3) in optical or X-ray method7- 9 ). 
(B 3 ) In the X-ray Laue experiment of the present 
crystal, an individual Laue spot is broadened and is 
split frequently into two types of different intensities. 
h 1 1 d · ff f' f' d' d 10) T e oca l erence 0 lmper ectlon was lscusse 
in relation to the step line by using the broadening 
( £ ) of the sub-spots (but not of the whole spots), 
when the visual broadening £' were divided into four 
groups (cf. f'-grouping in 3.1). 
In this paper, the above grouping is developed in order 
to describe in more detail the X-ray topographical 
imperfectness. 
2. X-ray experiment and imperfection of the crystal 
Specimen and experiment are the same with those reported 
in the previous paper lO ) and are quoted briefly as follows: 
The specimen was obtained by the cooling rate of 3.1 o e/min 
in a crucible with the diameter of 4 cm from the melt 
of extra-pure grade Kel. The microphotograph of the 
specimen ( O.S x 10 x 10 mm3 ) is shown in Fig. lea), 
where four subgrains PI-P4 and three step lines QI-Q3 
were observed. Seven encircled areas in Fig. lea) were 
observed by transmission X-ray diffraction method with 
the narrow beam (0.4 mm in diameter) normal to the photo-
graph. An example of Laue spots is shown in Fig. l(b), 
where seven bright spots marked by the reflecting lattice 
planes are concerned. An individual spot is frequently 
composed of a few sub-spots as shown in Fig. l(c),whi ch 
are corresponded to the respective sub-structure. These 
sub-spots are considereably broadened and frequently 
overlapped each other and can be visiually divided into 
two types of different intensities : 5L of large one and 
55 of small ones. 
3. Grouping of the imperfection 
In the observation 1. (B 3), very complicated distribu-
tion of imperfection of the crystal was suggestted. The 
local difference of imperfectness of the crystal was 
discussed previouslylO) as shown in 3.1, and the discussion 
will be developed here in 3.2 - 3.5. 
Let us denote that the suffixes of Land 5 corresponding 
to the large sub-spot 5L and small one 55,respectively. 
We shall compare different sub-spots and use here the 
term LOCAL comparison (denoted by L-comparison) by which, 
for example, the broadening of the (031) is compared at 
seven circled points or 14 sub-spots in Fig. l(a) and 
the term DIRECTIONAL comparison (D-comparison) by which 
the broadening of seven marked spots. «031) - (301) ) 
or 14 sub-spots in Fig. l(b) are compared in the respective 
film. Furthermore, the term LD-comparison means the 
comparison on the whole of 96 sub-spots. 
r 
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( a ) ( b ) c ) 
Fig. 1 The specimen : (a) photomicrograph, (b) Laue spots 
at the point P2 and (c) sub-spots, 5L and 55 
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3.1 Previous grouping 
previously the broadening of the sub-spot (not of the 
whole spot) E') was measured by eyes in radian unit 
and the local difference of sub-structure based upon the 
L-comparison of (031) spots was discussed as follows; 
(i) There is the appreciable error in the measured 
values of E' so that the local difference of EL and ES 
were roughly discussed when they are divided into four 
groups of f'l - f'4 as follows: 
(1) 
E ' * i = O. 00 7 i ( r ad ) (i = 1, 2 , 3 , 4 ) ( 2 ) 
where no sub-spot of i = 0 is observed. (ii) The group-
ing of sub-spots (called as f'-grouping) in individual 
circle point are listed in Table 1. It was found that 
nearly perfect sub-structures and much more imperfect 
ones, for example, f'l and f'3 coexist around the step 
lines, because sub-spots of small broadening and large 
ones were observed together. It was noticed that there 
is only the sub-spot of the small broadening f'l for the 
subgrain PI' grown in the high growth rate direction <100>. 
3.2 Definition of the broadening 
In the present paper, the broadenings of SL and Ss 
sub-spots are defined exactly by means of micro-photo-
meter. That is, the intensity distribution curve of 
sub-spot is measured in the elongation direction in the 
film and full width at half maximum (FWHM) is obtained 
and denoted as E. An example of the intensity distribu-
tion curve is shown in Fig. 2(a) where the horizontal axis 
indicates the distance on the elongation direction. It 
is confirmed that the value of FWHM roughly fits to the 
visual broadening in the previous paper with the mean 
error 12 % for 91 sub-spots, where the greater error than 
30 % i~ observed for 7 sub-spots. 
The example of the LD-comparison by E are shown in 
Fig.2 (b) - (e), where the curves are frequently different 
in magnitude and shape. It is noticed that the two curves, 
SL and SS' at the circle point P4 are similar each other. 
Table 1 Different groupings of sub-spots. ( The number 
in column I mean the order of respective grouping.) 
Grouping I (Grouping) II (Parameters) 
and 
parameters f' (f) F G K e: e:S/e: L K 
Sub-spot 
~ 
point 
SL Ss SL Ss SL Ss SL Ss SL Ss 
PI 1(1) * 0(1) * 0 1 * .012 * * 1.5 * 
P2 2 (1) 3(3) 1 2 2 2 4 .012 .018 1.50 2.1 3.3 
P3 2 (I) 3 (3) 1 2 2 2 4 .013 .019 1.46 2.2 3.4 
P4 3 (4) 4 (4) 3 3 1 2 2 .025 .026 1.04 2.2 2.2 
Ql 1(1) 4(3} 1 3 2 2 4 .016 .026 1.63 1.5 8.0 
Q2 1(2) 4(4} 1 3 2 1 3 .013 .023 1.77 1.7 2.7 
°3 leI} 4 (3) 1 3 2 1 3 .013 .024 1.87 1.5 2.5 
Comparing the two curves at the individual circled point, 
three types are classified visually as shown in the figure: 
GO of only one curve at PI' Gl of similar two curves at P4 
and G2 of different two curves at P3 and 03 (cf. 3.4). 
Such a grouping was reported qualitatively in the previous 
paper7). The present curves, therefore, inform the local 
difference of sub-structure in the crystal. 
In order to compare statiscally these curves, the present 
paper introduces three parameters :E (the mean value of e: 
in D-comparison), ES/EL (the ratio between E of the SL 
and Ss sub-spots) and K (the ratio between the maximum 
and minimum values of e: in D-comparison). These parameters 
are listed in II column of Table 1. 
3.3 f- and F-grouping by e: 
(a) f-grouping ••••• Previous f'-grouping of (031) sub-spot 
in 3.1 will be discussed again. That is, the FWHM data of 
sub-spots, e:' (031), are also divided (called as f-grouping) 
byeq. (l),where the grouping index e:'*i can be available, 
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but is rewritten here from the consideration of relative 
error as 
e: *. 
1 1,2,3,4) , a = (3) 
This grouping is nearly equal to that by eq. (2) for i = 2 - 4, 
because of e: (cf.4.2(ii)). The results are also listed in 
parentheses in Table 1. 
(b) F-grouping ...•. We shall estimate the LD-comparison 
of the magnitude of broadening of all the sub-spots, that 
0.6 0 0.6_ 2 Broadening (10 rad 
( a ) Intensity 
curve 
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(031)( 131){ 231) (221) (32l) (31l) (301) 
Reflecting lattice planes 
( b ) PI 
m oL-~~~~~~~~~~~~~ (031)( 131)(231) (221) (321)( 311) (301) 
( c) P 4 
(031)(131)(231) (22l)(32l)(311) (3 1) 
( d ) P 3 
(031) (131)( 2 31)( 2 2 1) (321)( 311) ( ~ '1 1) 
( e ) Q 3 
Fig.2 An example of intensity distribution curves of sub-
spots (a) and orientational distribution curves 
of e: (b) - (e), where the comparison of two e:-curves 
at the respective circle point gives the three types 
of GO' Gl and G2 . 
is, the mean broadening in the respective D-comparison, 
~, is also divided by the way mentioned in (a). This is 
called F-grouping, and the result is" listed in Table 1, 
where the mark Fa at the circle PI belongs to Fl as shown 
in the parentheses and the definition of Fa is discussed 
later in 3.4. The result shows that, f- anf F-groupings 
are close to each other. 
3.4 G-grouping by ES/€L 
We shall compare the broadening of two sub-spots for 
the respective lattice plane or the total imperfection 
at the observed circle. Tha value of ES/EL are divided 
into three of G-grouping : that is, GO is the case of only 
one sub-spot and Gl and G2 are of two sub-spots with ES/EL 
less or larger than 1.4, respectively. This grouping is 
the exact definition of the visual grouping mentioned in 
3.2 refering to Fig. 2 and also corresponded to the one 
sub-structure (Fp at PI)' Gl to similar two sub-structures 
with somewhat similar broadening (the two of F3 at P4 }and 
Gi to different two ones with small and large broadening 
at many circle points. Shortly speaking, the greater 
orders of G correspond to the greater difference of the 
orders of F-grouping for the two sub-spots SL and SSe 
It is noted that Gl of F 3-F3 is only observed, but 
one of FI-Fl or F2-F2 is not. This fact may be explained 
from that, for example, two sub-spots of Fl with small 
disorder may be superposed each other and the broadening 
may be observed as GO. 
3.5 K-grouping 
Here, the L-comparison of the range of the sub-spots 
will be discussed by using another parameter K. That 
is, K-grouping divides four groups of K as follows: 
K* . 
~ 
K*. 
~ 
(i 1,2,3,4) 
] (4 ) 
and the results are listed in Table 1. We shall not that 
this K-grouping of K nearly agrees with the F-one of E. 
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Of course, value of KS/KL almost agree the value of ES/EL 
in L-comparison. 
4. Discussion 
The above discussions based upon the different grouping 
in 3.3 3.5 have described the local difference of 
lattice arrangement. So that, it is concluded that the 
imperfectness of the lattice arrangement can be evaluated 
in detail by using two parameters; £ and ES/EL. Further-
more, some noticeable results are described as follows : 
4.1 Relation between £ and K 
As above mentioned in 3.5, good correspondence exists 
between F- and K-grouping. So that we shall estimate here 
the relation between E and K. In the synthetic grouping 
G, GO has only sub-spot of Ss and Gl of SL and Ss with 
the similar values of E and K, respectively. Therefore, 
the relation between E and K in G-grouping is plotted 
in £-K plane as shown in Fig. 3. Excepting for the plot 
Ql' the diagram gives the following results: (i) All the 
plots are satisfied into two groups of SL and Ss which 
lie roughly along the dashed lines ; 
[ 
n - 1 for SL ] 
' n = 2 for Ss (5) 
3 
~ , , 
m 
H 2 
0 5L , , 
Iw 
, 
• 55 
10-2 
10 0 2 3 
K 
4 5 101 
Fig. 3 The relation between the parameters E and K. 
This may be a method to describe the different characters 
between SLand Ss sub-spots which are visually classified 
at the end in 2. (ii). The full line connecting the plots 
of SL and Ss at the respective circle point give roughly 
the relation 
K = a.e: [
a = 10 x 10-3 for circle point P J 
a = 5 x 10-3 for circle point Q 
as shown in Fig. 3. It is reasonable in the figure that 
the location Q of the greater imperfectness has the 
greater broadening Ethan P, but it is noticeable that 
Q has the smaller range of directional difference K. 
(6) 
The general utility of equations (5) and (6) is not yet 
confirmed and should be discussed in future. 
4.2 Grouping indexes 
(i) It is noted that the present groupings for s, ES/EL' 
K and KS/KL of differ~nt meanings are carried out by the 
two common ratios: 31 / 4 = 1.32 radian for- and K-one 
and 1.4 for G-one, where these ratios are nearly equal 
but are not unified. 
(ii) The grouping index is rewritten from E'*i in eq. (2) 
of the previous paper to E'*i in eq. (3) ,because of the 
introduction of different parameters: £ and K. To say 
in more detail, the value of varies in a wide range in 
comparison to E'S, and the grouping by eq. (3) is protec-
tive for the effect of the relative error. 
4.3 Imperfectness around step line 
We can observe appreciably different distribution of 
imperfectness of FO-F3 in relation to the step lines 
and different broadenings EL and ES or two sub-structures 
of different lattice imperfectnesses coexist around the 
region as mentioned in 3.1. In general, the step lines 
(one of macroscopic lattice imperfectnesses mentioned 
at the start in 1.) are also accompanied with the other 
types of physical imperfections (cf. leA) and (B». In 
some detail, the authors observed that macroscopic 
clusters of various optical characters sometimes appear 
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along or around the step linesIO ). Then it will be expected 
to compare the different types of imperfections each other. 
4.4 Miscellaneous remarks 
(i) In the present observation, the average size of 
sub-structure is roughly given as 0.25 rnrn (the volume 
0.02 - 0.03 rnrn 3), because the Laue spot is frequently 
composed of two or three sub-spots and the X-ray beam 
covers the volume 0.06 rnrn3 . This size agrees also with 
that of the sub-structure observed by direct observation 
using etching method. 
(ii) We have observed in the other experiment that the 
Laue spots in a KCI single crystal compressed over the 
yield stress have great broadening, which varies locally 
or is different at the reflecting plane. The results are 
under discussion at present. The X-ray topographical 
method foregoing may be useful for studying such a defor-
mation of the crystal. 
5. Conclusion 
Previously, the local difference of lattice structure 
in a KCI single crystal was discussed by observing the 
broadening of Laue spots which is composed of two types 
of sub-spots of different intensities: SL of large one 
and Ss of small one. 
In the present paper, the following results are obtained: 
The broadening of sub-spots are defined by the full width 
at half maximum of the brightness distribution curves of 
sub-spots ( E). The distribution of imperfection is 
discussed by introducing the four parameters: E (the mean 
broadening of different sub-spots), ES/EL' K (the range 
of E). For simplicities, different groupings are compared, 
that is, F-grouping of E depending on eqs.(l) and (3), 
G-one on ES/EL and so on. Then, the four classes of 
imperfectness FO-F3 are obtained by the groupings of £ 
and ES/EL and the other parameters K and KS/KL give the 
similar results to £ and ES/EL' respectively. That is, 
the two parameters E and ES/EL are useful to describe and 
compare the local distribution of imperfect lattice structure 
in the present KCI single crystal. It was also found that 
some simple relations exist between E and K. It will be 
expected that present X-ray topographical lattice imperfec-
tion may be compared with the optical and macroscopic 
lattice imperfections previously reported. 
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